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PRELIMINARY DATA ON BUCKLING STRENGTH OF
CURVED sma: r.utxns IN OOMPRESSIOX

SRR By Ingeno I. Lundqutut.- e

'_ sﬁn_n_uir .

This paper prosents the resulte ocbtained in conpros-
sion tests of elght estiffenocd panocls, The radius-thicknoss
ratlo of the skin betweon stiffeners varied from 400 to in-~

Tron those - fow testa, 1t 1s conecluded that the oritiocal

'conprossive Btress fer a curvod sheot between stiffonors 1s

T

" equal to the largor of the followinga'

(a) The critical conpreasive streea fof an un-
stiffenad cirocular eylinder of the sane raedlus~
thicknoss ratio

.(p) The critiecsl conpressive stross for tho
gane sheet whon flat

INTRODUOTION

In the dasigzn of airplahe stractures, 1t 1s desirablo
to know the effect of curvature oa the strongth 6f the thin
netel skin. A nundber of yoars ago, the NACA undertook tho
invostligation of thoe strongth of third-walled duralunin cyl-
inders, The cylinders wore tosted in a varioty of loadling
conditions, and in all cases fallure eccurred through in-
stablllity of the cylinder walls, One of tko conditions of
loading was that of axial conpression. The results of-
thoae oonpreasion toste are given In refarenge 1, .

As ‘an extonaion:of the eylinde¥® 1nvestigation, it was

. deolded to study the critical buckling load .for thin curved

shoots between stlifeners, The purpese of thls report 1is
to prosent the resulte of the teste on the first zroup of
specinens 1n thie new investigation,

Ivar ‘G, Peteraon, forﬂerly of the ACA staff, per-
forned the ezperinontal work in this 1nvost1gation,
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HATERIALS .2
The materiel used in this investigation was 245-T
aluminum alloy, As all epociimons wore loadod within tho
elastic range of the matorial, the modulus of elasticity,
E, 1s the only matorial proporty of econcern, Thise valuse
vas assumed to be 10,600,000 pounde por square inech in all
the calculations of thig papor. .’

SPECIHENS AI'D THIIR DISIGNATION

Tho specimens tested in this ‘Ainvostigation were made
as shown in figure l. The width of the outstanding flange
of each stiffoner at the side-edges of :the .sheet, by, 1is

given in table I, The different values o0f by were se-
lected so as to force buckling to occur in the sheet be-
tween stiffeners and still provide as much support as pos-
slble against deflection normal to the sheet,

The angle type of stiffener was selected because of
the low rotational restraint that 1t provided at the silde
edges of the sheet, Whe use of two stiffeners at each
side edge of the gheet was declded upon 1in order to sta-
bilize thoroughly these edges agalnst displacements normal
to the, sheet,

All specimena ‘are deslignated by thelr radius-thickness

. ratio, r/t, In some cases more than one test was made on

a given specimen, Thus, the designation of a test 1s the
radius—~thickness ratio of the specimen, followed by the
"number of the test on 'that specimen, For example, test Na.
13181 represonte the first test on the specimen with

r/t = 1318,

In 211 calculations of stress in this report the areas
used were det orminod from the welght of the spocimons,
Eenco all tho dimonsions glven on figuro 1 should bo ro=-
garded as nominal, _ . '

APPARATUS AND HETHOD

All spocimens wero tested in a 300,000~pound compros-
slon tosting machine, Stralns were measurcd by Tuckerman
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optical strain gagos of 2-inch gage length on tho front
and back side of the shoet at cach of the locatlons shown
in figure 1. The loading heads of the machlne wero as-
Justed s0 as to bear uniformly on the spoclmen as indicat-
ed by straln gages. As the onds .of tho specimen had beon
carofully machined flat, thlg method of testinz was prac-
t1oal although 1t d4id takq seme tipe teo adjJust tho loading
hoands of the machine,

. o roliabdle deflcecetlion readings wore taken in the
toste., It was reasoned that the dlfference 1n the strain
roadings on front and back of the sheet was an acourato
moasure of the chango in curvature.- According to the thewm
ory of small doflectlions, which applies for all strosses

up to the buckling load, tho defloction for a given buckled
shape Is proportional to the curvature. It was considerod
that the straln readinge of the Tuckorman optical strain
gages woro more accurate than tho defloction roadings

that could be obtalned with the ocquipment at hand.

DETERHINATION OF CRITICAL ﬁUGKLIEG LOAD

Of the elght spocimons tosted, those with high curve-
turos buckled suddonly by a snap dlaphragm actlon, accoa-
paniod by a loud report. Those having r/t = ® and 1318
did not glve such a clearly dcflned critical bduckliag
polnt, For thoso lattor specimons, there was a gradual
growth of deflectlon that made visual detectlon of the
-reritical load inposslibdle, In order to obtain the crlitical
buckling load for these two spocinens, resort was rado to
tho nothods of analyging experirental observatlions in prob-
. lens of elastlc stability as given in roforence 2, Thls

.nethod 1s an apelyslis of the growth of defloction wlth
load and consiste of plotting (y-y,)/(P-P,) as ordinate

against (y-yl) as abscissa " ...
" whore -

P and y 1load and corresponding doflection, re-
spoctively

P, and y, 1inltial vaiues of P and y, respec~
tivoly '

-Tho inverso slope of the straizht line obtained ie
(Pcr - P )




.

. The results of the forogolng type of analysis as ap-
pliod 'to tho specinmon with r/t =o and 1318 are given
in tablos II to V, inc¢luslivo, and in figure 2.,. In this ap-
plication tho symbol y is the difference in straln road-
ings boetwoen the two straln gages at the contor- of the
shoot, '

RESULTS

The rosults of these teste are glvon in tabls VI and
figures 3 and 4, Figurc 3 has boon proparcd to show how the
strains at tho niddlo of tho shoet variod bolow tho criti-
eal buckling loads. It 18 obsorvod from filguro 3 that in
ocoach test the two strein gages on tho front and back of the
sheot rovoal a gradually incroasinz difforonco of strain
as tho critical load is approachod. TFor tho spocinons: with

r/t = ® cnd 1318, tke zradual incroaso in tlo &ifforenco

of straln continuod through tho critical load, wheroas for

.all othor specluons there was an abrupt ckango la tho strain

roadlngs ot tho critical load causod by the sn~ap dinpiragn
actlion, As tho intonslty or forco of t:e =nap dlapihrazn
detlion 1ncreasod with lancroasling curvature, t2e straln

gagos wero roiaovod Just boefore tko ducikling lond wans roached
in tho caso of the spocinons witk r/t = 478, 432, and 400,

In ordor to study the o7foct of tho radius-talckness
ratio, r/t, on tho criticel sirain, £,./E, figuro 4

vas prooarcd, Theoe linos lobolod A, B, ~xd C on this fig-
ure oro tho same as lines A, 3, and C 1n fizures 7 nnd 9
of reforonco 1., The Lorizontal liaes leboled r/t = o in
figuro 4 givo the oxporinontally dotormined critienl
stroin for tho flat epocinon of this investligatloa. Tho

_points plotted on figure & givo the obsorvcd critical

strain on tho romanlndor of tho spoeciions with oach polint
plotted 'at tho r/t valuce for the perticular specinon
reprosontod by that point.

Froxx the test data plotted 1n figurcs 7 &4nd 9 of ref-
oronce 1, 1t is cloar tihiat line B 1in fizure 4 of thils
paper glves the upper 1linit of the experintentally dater-
pined -values of f£,,/E for thin-walled cyrlinders without

lonzitudlinal stiffeners, The fact that the test polrts 1in
figure 4 plot along line B and the horlgorntal lines la-

" beled =r/t = o, 1indicates that the critical conpressive

stress for a curved shest between stiffeners-ls equal to
the larger of the following:
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(a) The critical tolipressive stress for an
. unstiffened circular cylinder of the same radius-
) thickness ratio T

(b). The critical conpressive atrees for the

Eano sheot whon flat , -

U Whon those tosts were planned it was ‘bxpected to find
that in all cases curvature would ralse the‘*critical con-
pressivo stross ovor. that for the flat specimen r/t = o,
(Sec equation (278), p. 470, "of roferonce 3. ) ¥hy tho ox-
porinental point for tho specimen with r/t = '806 falls to
check standard thoery in.this. rospect (soo'fig. 4) has not

yot been explained. Addltional tosts are being .made 1n the

course of a furthor study of thls pdlnt,
COUCLUSIONS

Fron thoso fow tosts, 1t 1s concluded thmt the critl-
cal conprossivo stross for a curved shoot botwoen stiffon-
ors 1ls oqual to tho largor of the following:

(a) Tho critical coupressivo stress for an un—
stiffenod circular cylinder of the sare radlus-
talcknoss ratio

(b) The critical cozprossive stross for the sane
shoect when flat

Langloy iionorlal Aoronsutical Laboratory,
Natlonal Advisory Connlttoe for Aoronautics, ,
Langloy Fiold, Va.



. 3 -

. ~REFERINCES. - -

l. Lundquist, BEugono-E,: Strength Teééa of Thin-Walled
Duralunin Cylindors 1n Conpression, NACA Rep,
No, 473, 1933,

2, Lundquist, Fugene Z.: Genoeralized Analysis of Expori-

nontal Observetlorne in Problons of Elastic Stadill-
ity. NACA TN ¥o, 658, 1938,

Tinoshenko. 5.:

.: Thoory of Elastic Stability. McGraw-
H41ll Book Co,, Inc,, 1936, -

nga-r-



TABLE I.- DIMENSIONS OF SPECIMENS

TABLE II.~ TESTOO -1
P y P-p y-y ind
(1b) (1n.) (10 (10%) =
(in./1b)
200 0 0 0 - &
1000 000002 800 .000002 0.2500x10
2000 000004 1800 000004 2222
000 .000008 2800 .000008 L2857
000 .000016 00 .000016 L4211
5000 .0000 800 .000032 L6667
6000 .000060 5800 .0000560 1.0345
6500 000094 6300 .000094 1.4921
7000 000142 6800 .000142 2.0882
TABLE III.- TEST o0 -2
P y P-Py y-y1 y=y
(1%) {1n.) (10} (1) =
(in./1b)
200 0 0 0 -
1000 000002 800 .000002 0.2500x10~8
2000 000004 1800 000004 2222
000 000004 2800 000004 .1429
000 .000012 800 .000012 . 3158
5000 000022 800 .000022 U583
5500 .000030 5300 .000030 5660
6000 .0000 5800 .0000k6 L7931
6500 .000072 6300 000072 1.1429
7000 000112 6800 .000112 1.6471
7250 000132 7050 .000132 1.8723
TABLE IV.- TEST @ -3
P y P-P% y=-¥ y=y1
(1v) (in,) (1b (in,) F-P1
(1in./1b)
500 0 0 0 -
1000 .000020 500 .000020 L, 000x10-8
2000 . 000018 1500 .000018 1,200
000 .000020 2500 . 000020 .800
+000 .000026 500 .000026 743
%500 .000032 000 000032 800
5000 . ooooie 4500 . 000036 .800
5500 .0000k8 5000 000048 .960
6000 .000070 5500 000070 1.273
6500 .000108 6000 .000108 1.500
6750 .000126 6250 . 000126 2,016
7000 .00015% 6500 .000154 2,369

Py Radiug of gheet Outstanding 1 1
T in.) angle ltif:fen:_f'?abpo
(in.)
o0 oo
1318 103.0 12
203 ﬁ}.} 1.08
is ug.g 123? '
u;g 3;.3 A7
130 923 .7,2
TABLE V.- TEST 1318-1
P y P-p y-Y -
(1p) (1) (10} {100) =
(1n,/1b)
FRE o | fo00r0?
.000002 00 . 2 .

2000 -.000002 1200 —.ooooooooooa ‘3.'{332’“
000 .000012 2500 .000012 4800
000 .000012 500 .000012 3429

4500 . 000018 900 .000014 l.{ 00
5000 .000020 1500 .000020 uiuk

5500 .000026 5000 . 000026 .5200

6000 . 000040 5500 +000040 7273

6500 . 000068 5000 .000068 21,1333

6750 .000086 6250 .000086 1.3760

7000 .000110 6500 .000110 ©1.692

7250 .000142 6750 .0001k2 : 2.183?

TABLE VI, TEST ngm'rs '
(E = 10,6 x 10°)

Test T Ares, A Bucklin,

t (8q in.) load, Pgr sggg:i}ng for
(1v) {1v/8q 1n°

o -1 oo 1.3100 7,430 6 -4

o -2 oo 1.3100 7,630 2:5.3.'8 ?:E';?"m
=3] o 1.3100 7,660 5,850 5.519

R AR | oL | e | 2
634-11 634 | 1.1552 7,800 2 | 2%
63u-2| 630 | 1.1982 7,910 o i3S 0-g68
plie-1 5 1.1029 7,280 2'250 8-as2
78-1| h78 1.1020 9,030 8390 0. oe
4321 | 432 1.0668 9,380 230 i.1%8
ugo-1 | uo0 [ 1.0668 11,850 10:%28 gﬁ?ﬁ

TRY'L'T’Y setawg
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